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Overview
Mechanisms of climate change
Urban warming trends in large U.S. cities 
Threats of urban warming 
Planning responses to climate change
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Source: NASA Goddard Institute for Space Studies 
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IPCC, 2007
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Land Surface Change
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Approximately 50% of the rise in 
near surface air temperatures since 
the 1960s is attributable to land use
change.
Source: Kalnay & Kai, 2003
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Urban Heat Island Effect
Source: Weatherstreet.com, 2008
Source: uwee-foto, n.d.
Source: Lonely Planet, com, n.d.
Source: gunsmoke.com, n.d.
UHI increases near surface air temperatures by
1 - 6 OC (2 - 10 OF) 
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Source: ASUSMART, 2006
Thermal Properties of 
Urban Surfaces
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Research Question
Are large U.S. cities warming 
more rapidly than the planet 
as a whole? 
Intensity of surface heat in Atlanta’s CBD, 1997
Georgia Dome
I-75/85
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Global Historical Climatology 
Network
Source: GISS, 2007. 
B. Stone, City and Regional Planning, April 2008
Sources of “Inhomogeneity”
in Temperature Record
1. Change in location of instrument
2. Change in instrumentation
3. Change in time of observation
4. Contamination by urbanization
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50 Cities Included in Study
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Hartsfield-Jackson Observations
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Station Selection
URBAN
Airport as single “first-order”
meteorological station for each 
urban center
Night light ranking of C (bright) 
RURAL
Three stations selected for each city based on:
1. Night light ranking of A (dark) or B (dim)
2. Population < 4,000 per square kilometer 
3. Located within 50 to 250 km of urban station
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Hartsfield Meteorological Station
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Hartsfield Meteorological Station
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CBD Hartsfield-Jackson
Surface Temperatures
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Urban Trends:
1951 - 2000
Mean Decadal Change in Urban Temperatures: 0.20 OC
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Source: NASA Goddard Institute for Space Studies, GHCN 
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Rural Trends:
1951 - 2000
Mean Decadal Change in Rural Temperatures: 0.15 OC
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UHI Trends:
1951 - 2000
Mean Decadal Change in UHI: 0.05 OC
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UHI Trends:
1951 - 2000
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* NASA Goddard Institute of Space Studies
+ Cities in which UHI increased between 1951 and 2000
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*   Mean rate over 1900-1999
+  Mean rate over 1950-1996 (results not significant)
#  Mean rate over 1951-2000; reflects impacts of urbanization and agriculture
** Mean rate over 1951-2000

































RATE OF INCREASE IN UHI EFFECT
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Study Findings
On average, the decadal rate of warming in large U.S. cities was
30% greater than that of proximate rural areas taken to represent  
“background” warming trends
For cities in which the urban heat island effect intensified during this
period (60%), the decadal rate of warming was 150% greater than 
that of proximate rural areas 
As warming scenarios developed by the Intergovernmental Panel 
on Climate Change (IPCC) are based on background global rates
of warming, these scenarios (1.4 to 5.8 OC by 2100) are likely to
significantly underestimate the rate of warming in large cities over 
time
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*Assumes 5 OC (9 OF) rise in temperature by 2100.  Historical average high temperature
for Atlanta in July: 89 OF
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Source: NCAR, 2006
Negative Feedbacks on UHI
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Source: Global Warming Art
Over the near-to-medium term, 
local adaptation strategies such 
as heat island management are 
likely to yield greater cooling 
benefits in cities than mitigation 
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Source: An Inconvenient Truth, 2006
Threats of Climate Change
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Chicago heat wave of 1995: 
~500 deaths over six days 
Source: An Inconvenient Truth, 2006
Source: Klinenberg, 2002
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Weather Related Fatalities
Source: Changnon et al. 1996
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Note: Significant at the p < .05 level
Sources: EPA, Air Trends Report: 1990-1999
NOAA, National Climatic Data Center: 1990-1999 
Temperature and Air Quality
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Source: TRB 2008
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Source: BBC News, August 2003
Temperature and Infrastructure
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Road Buckling and Melting
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Source: NEI, 2006
Temperature and Infrastructure
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5 OF increase in low temperatures would result in an almost 10% increase in 
water usage (Guhathakurta & Gober, 2007).  
Heat and Water Consumption
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Urban Climate Change Adaptation
Source: Weatherstreet.com, 2008
Source: uwee-foto, n.d.
Source: Lonely Planet, com, n.d.
Source: gunsmoke.com, n.d.
UHI increases near surface air temperatures by
1 - 6 OC (2 - 10 OF) 
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Cost per tree: $70
Cooling through Tree Planting
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Cooling through Surface Reflectivity
Source: HIRI, 2003
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Planting of 11 Million
Trees = 1.5 OC Reduction
Use of Highly Reflective 
Roofing and Paving 
Materials = 1.5 OC Reduction
IPCC by 2100: 1.4 – 5.8 OC 
Heat Island Reduction Simulation
in Los Angeles
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Planning and Energy Consumption
Newman & Kenworthy, 1990.
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What Model of Metropolitan 
Development Minimizes UHI?
Suburban Atlanta Downtown Atlanta
Source: Goddard Space Flight Center
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What Model of Metropolitan 
Development Minimizes UHI?
Low Density Model High Density Model
Regional Scale
Parcel Scale
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How much additional surface heat is 
emitted following the conversion of a 
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Increasing lot size was found to be associated with 
increasing levels of parcel heat emissions.
Stone & Norman, 2006
Planning for Climate Change:









Energy Flux (W)Lawn AreaImpervious Area
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Study Results
Impervious cover and lawn area
were found to have a positive 
association with parcel heat 
emissions; tree canopy cover 
shown to have a negative 
association 
Lawn area was found to have 
the greatest standardized effect 
on parcel heat emissions
Stone & Norman, 2006
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Study Results 
A 25% reduction in the area of lawn for the average 
residential parcel would reduce heat emissions by 13%
A 25% reduction in the area of impervious cover for the
average residential parcel would reduce heat emissions 
by 16% 
A 25% reduction in the area of lawn and impervious cover 
would reduce heat emissions by 28% 
The combination of the above strategies with an increase
in average parcel canopy cover from 45 – 60% would 
reduce heat emissions by 40% 
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Projected to grow by approximately 
25,000 residents by the year 2020, the 
Madison, WI region can expect to add at 
least 350 acres of additional residential 
impervious surface area over the next 
fifteen years.  If the average lot frontage
and front yard setback were reduced 
by 25%, the growth in impervious cover 
would be reduced by about 130 acres, or 
by 38%.
● Frontage & Setback Reductions
Effect of Zoning on Impervious Cover
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“More than half of the built environment of the United States we will see in
2025 did not exist in 2000, giving planners an unprecedented opportunity
to reshape the landscape.” (Nelson, 2006)
Source: www.greeninggothan.org
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Concluding Thoughts
The phenomenon of global climate change is driven by 
both atmospheric and surface warming mechanisms 
A study of warming trends in large U.S. cities between
1950 and 2000 finds the average rate of urban warming to
be 1.3 times greater than planetary, background rates.  For
those cities in which heat islands are intensifying over time,
the rate of warming is 2.5 times that of background rates.  
Cities can offset the rate of warming over the near-to-medium
term through restoration of natural land covers (e.g., tree 
planting), the enhancement of surface reflectivity through 
routine maintenance, a reduction in energy consumption, and
preservation of existing greenspace.   
